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© Fiat-panel display device, illumination system and radiation source suitable for use in such a 
flat-panel display device. 



© The invention relates to a flat-panel display de- 
vice (1). The display device (1) comprises a support 
(3) on which a plate-shaped waveguide (7) is ar- 
ranged which is irradiated by a radiation source (15) 
at at least one end face (25). The radiation source 
(15) is arranged in a lighthousing (13), a first part 
(17) of which is an integral part of the support (3) 
and a second part (19) is detachable so that the 
radiation source (15) can be replaced. The ligh- 
thousing (13) further accommodates a reflector (29) 
for reflecting radiation emitted by the radiation 
source (15) towards the waveguide (7). The ligh- 
thousing (13) with the radiation source (15) and the 
waveguide (7) jointly constitute the illumination sys- 
tem (5) for illuminating a transmission display panel 
(11) arranged on the waveguide (7). The radiation 
source (15) is provided with lampholders (31) which, 
upon connection of the radiation source (15) in the 
lighthousing (13), cooperate with recesses provided 
in the -lighthousing so that the radiation source (15) 
is positioned free with respect to the reflector (29) 
and at a distance d from the waveguide (7). 
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The invention relates to a flat-panel display 
device comprising an illumination system and a 
transmission display panel, the illumination system 
comprising a support, a plate-shaped waveguide 
and at least one lighthousing accommodating a 
tubular radiation source for illuminating at least one 
end face of the waveguide, and a reflector for 
reflecting radiation emitted by the radiation source 
towards the waveguide. 

The invention also relates to an illumination 
system and a radiation source suitable for use in 
such a flat-panel display device. 

An illumination system for use in a flat-panel 
display device of the type described in the opening 
paragraph is known from the English-language ab- 
stract of JP-A 4-141687. In such illumination sys- 
tems the lifetime of the radiation source is many 
orders shorter than the lifetime of the display de- 
vice in which the illumination system is used. Nor- 
mally, the radiation source is therefore to be re- 
placed several times. A drawback is, however, that 
the costs of replacing the radiation source are 
almost as high as the purchase price of a complete 
display device. In fact, in many cases the radiation 
source is fixedly connected to the illumination sys- 
tem or to the lighthousing so that the complete 
lighthousing or illumination system must be re- 
placed. Moreover, there is a risk of damage of the 
display panel of the display device when the com- 
plete lighthousing is replaced and of a ncn-opti- 
mum position of the new lighthousing so that the 
brightness and homogeneity of the display device 
are detrimentally influenced. 

The illumination system described in said ab- 
stract is designed in such a way that, in the case of 
maintenance of the display device it is sufficient to 
replace only the radiation source in a simple and 
relatively inexpensive manner instead of replacing 
the complete lighthousing or illumination system. 
The radiation source is situated at the location of 
the waveguide and at its side remote from the 
waveguide it is semi-circularly enclosed by. and in 
direct contact with, a reflector. The reflector is 
formed as a rotatable plate. When the radiation 
source is to be replaced, the reflector can be 
rotated around the axis of the radiation source so 
that an opening is formed through which the radi- 
ation source can be removed in a direction per- 
pendicular to its longitudinal direction and a new 
radiation source can be installed. 

A drawback of the known illumination system is 
that the reflector is in direct contact with the radi- 
ation source so as to keep the radiation source in 
position, which results in a limitation of the tem- 
perature of the radiation source and has a det- 
rimental influence on the lamp properties. More- 
over, self-absorption of the radiation source plays 
an important role due to the limited available free 



space around the radiation source in the lighthous- 
ing. Both drawbacks result in a considerable loss of 
brightness. 

A further drawback in those cases where only 

5 the radiation source is replaced is the relative dif- 
ficulty of optimally repositioning the radiation 
source with respect to the reflector and the 
waveguide. In fact, the brightness and homogeneity 
of the display device are considerably influenced 

jo by the position of the radiation source with respect 
to the waveguide and the reflector. 

It is an object of the invention to provide a 
display device whose radiation source can be re- 
placed independently of the lighthousing and the 

15 illumination system in a relatively simple and in- 
expensive manner, and in which the homogeneity 
and brightness are still optimal after replacement. 

To this end the flat-panel display device ac- 
cording to the invention is characterized in that a 

20 first part of the lighthousing is an integral part of 
the support and a second part of said lighthousing 
is a detachable cover along which the radiation 
source can be removed, and in that the radiation 
source is situated in a position which is free from 

25 the reflector and at a distance d from the 
waveguide, said position being determined by 
cooperation between at least securing means ar- 
ranged on the radiation source and recesses pro- 
vided in the lighthousing. 

30 Since the lighthousing is an integral part of the 

support which is a part of the illumination system 
and since a part of the lighthousing is detachable 
so as to exchange the radiation source, it is possi- 
ble to exchange only the lamp instead of the com- 

35 plete illumination system or lighthousing, which 
considerably reduces the costs of maintenance. 

By providing the radiation source with securing 
means which cooperate with recesses in the ligh- 
thousing. it is ensured that the radiation source is 

40 positioned sufficiently accurately at a distance d 
from the waveguide and free from the reflector. 
Due to this free position, the temperature of the 
radiation source is idealized and the self-absorption 
of the radiation source is reduced considerably, 

45 which contributes to the efficiency of the display 
device. 

Since the position of the radiation source is 
fixed by the design of the securing means on the 
radiation source and recesses in the lighthousing, 

so the new radiation source is automatically secured 
in the desired position. 

The reflector may be obtained, for example by 
providing the inner side of the lighthousing with a 
reflecting layer, for example by means of vapour 

55 depositing a reflecting material. A preferred em- 
bodiment of the fiat-panel display device according 
to the invention is, however, characterized in that 
the reflector is a foil, one end of which is secured 
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on a surface of the waveguide at a waveguide end 
facing the lighthousing and in that, when the radi- 
ation source is arranged in the lighthousing and 
when the detachable cover is provided, the foil is 
bent into a shape whose radius of curvature is 
smaller than the radius of curvature 1/r of the 
radiation source for at least a part of the reflector. 

In this manner the reflector is shaped by com- 
bining the first part of the lighthousing which is 
formed on the support and the second, detachable 
part. By combining the part of the lighthousing 
formed on the support and the detachable part, the 
reflector secured to the end of the waveguide fac- 
ing the lighthousing is automatically bent to its 
correct shape. 

In known flat-panel display devices in which a 
foil is used as a reflector such as in, for example 
the display device known from European Patent 
Application EP 0 469 321, the foil is secured both 
to the surface remote from the display panel and to 
the surface facing the display panel the waveguide 
end facing the radiation source. The drawbacks 
thereof are that the radiation source alone is no 
longer exchangeable, because the foil is secured to 
the two surfaces of the waveguide. 

A further embodiment of the flat-panel display 
device according to the invention is characterized 
in that the lighthousing has a radius R over at least 
a given trajectory, within which trajectory the reflec- 
tor takes the same shape. 

By suitable choice of the shape of the ligh- 
thousing, the reflector can more easily be given 
this shape for which the optimum position of the 
radiation source is determined. 

A further embodiment of the flat-panel display 
device according to the invention is characterized 
in that the radius r of the radiation source, the 
distance I between the radiation source and the 
reflector and the distance d between the radiation 
source and the waveguide are defined by the fol- 
lowing relations 

0 < l/t S 1 8 
0 < d/(R-r) <; 2 

.in which R is the inner radius of the lighthousing 
and t is the thickness of the waveguide. 

The inner radius of the lighthousing is under- 
stood to mean the inner radius of the lighthousing 
provided with the reflector and reduced by the 
thickness of the reflector. The thickness of the 
reflector may generally be ignored. 

d is the distance measured between the 
waveguide end face facing the radiation source and 
the outer wall of the radiation source along the 
projection of the centre of the radiation source on 
the plane of the end face of the waveguide, I is the 



radiation source and the plane which is in -align- 
ment with the surface of the waveguide on which 
-the reflector is secured along the connection line 
, between the centre of the radiation source and said 

s plane perpendicular to this plane. 

If d/(R-r) becomes too small, the radiation 
source shields the waveguide, which leads to a 
decrease in brightness. However, if d/(R-r) be- 
comes too large, the homogeneity will increase but 

to the brightness will decrease because the optical 
aperture will be smaller and because the space in 
the lighthousing around the radiation source de- 
creases. For too large and too small l/t values the 
radiation source is no longer exactly situated at the 

75 location of the waveguide and there is a decrease 
in space between the radiation source and the 
inner side of the lighthousing, while the reflector is 
no longer optimally reflective at this geometry. In 
both cases the result is a reduction of brightness. 

20 A preferred embodiment of the flat-panel dis- 

play device according to the invention is character- 
ized in that it holds for the position (I, d) of the 
radiation source that 

25 0.7 £ l/t £ 0.9 

0.9 % d'(R-r) < 1.1 

Optimization of the position (I, d) of the radi- 
ation source with respect to the reflector and the 
30 waveguide in accordance with the given relations 
results in a relatively high brightness and homo- 
geneity of the display device. 

From an optical point of view, it makes no 
difference for determining the optimum position of 
35 the radiation source whether the second end of the 
reflector foil is secured or not secured to the 
waveguide. A preformed reflector which is secured 
to two surfaces of the waveguide may also satisfy 
the relations mentioned in the previous embodi- 
4Q ments. However, it is a drawback that the radiation 
source is not exchangeable in this case. 

A further embodiment of the flat-panel display 
device according to the invention is characterized 
in that the securing means arranged on the radi- 
os ation source are preformed lampholders made of a 
resilient synthetic material. 

By providing the radiation source with prefor- 
med lampholders of a resilient synthetic material, 
the lampholders are positioned in the recesses by 
so means of the detachable part of the lighthousing. 
Without any additional alignment, the radiation 
source will be accurately secured and optimally 
positioned whenever it is replaced. Moreover, no 
separate components are required to secure the 
55 radiation source and this simple construction allows 
a relatively rapid replacement of the radiation 
source, whic rureduces the costs of maintenance. 



distance measured between the outer wall of the 



Moreover, such lampholders serve at the same 



5 



EP 0 636 91 8 A1 



6 



time as high-voltage insulations and as tensile con- 
tacts for the connection wires secured to the lamp. 

A further embodiment of the flat-panel display 
device according to the invention is characterized 
in that the resilient synthetic material has a vibra- 
tion-damping effect. 

Since the synthetic material also has a vibra- 
tion-damping effect, a vibrationless connection of 
the radiation source is realised. Consequently, the 
lampholders will absorb possible shocks and pro- 
tect the lamp from breakage. Moreover, the radi- 
ation source will thus continuously remain in the 
same position with respect to the reflector and the 
waveguide so that a substantially constant bright- 
ness and homogeneity of the display device are 
ensured. 

The flat-panel display device according to the 
invention is preferably characterized in that the 
reflector has a high degree of reflection and is 
specularly reflecting. 

A reflector having a high degree of reflection is 
understood to be a reflector having a reflection 
coefficient of more than 90%. 

Moreover, the brightness can be increased 
considerably by using a specular reflector instead 
of a diffuse reflector. 

The invention also relates to an illumination 
system suitable for use in a flat-panel display de- 
vice according to the invention. 

A radiation source which is particularly suitable 
for use in the flat-panel display device and the 
illumination system according to the invention is 
characterized in that the radiation source is elon- 
gate and its ends are provided with preformed 
lampholders made of a resilient synthetic material, 
via which lampholders the radiation source is pro- 
vided with connection wires. 

The preformed lampholders of resilient syn- 
thetic material allow the radiation source to be 
accurately secured and optimally positioned with- 
out any alignment whenever it is to be replaced. 
Moreover, separate components for securing the 
radiation source are not necessary. 

A preferred embodiment of the radiation source 
according to the invention is characterized in that 
the resilient synthetic material has a vibration- 
damping effect. 

Since the synthetic material also has a vibra- 
tion-damping effect, the radiation source can be 
secured without vibrations in a display device ac- 
cording to the invention. The lampholders will ab- 
sorb possible shocks and protect the lamp from 
breakage. Moreover, such lampholders continuous- 
ly ensure the same position with respect to the 
reflector and the waveguide. 

A further embodiment of the radiation source 
according to the invention is characterized in that 
sleeves are formed on the lampholders at a side 



along which the connection wires project. 

The lampholders serve at the same time as 
high-voltage insulations and as tensile contacts for 
the connection wires of the radiation source. The 
s sleeves formed on the. lampholders ensure that the. 
lampholders are even better retained when they 
are secured in a display device according to the 
invention. 

These and other aspects of the invention will 
70 be apparent from and elucidated with reference to 
the embodiments described hereinafter. 
In the drawings 

Fig. 1 is an exploded perspective elevational 
view of an embodiment of a flat-panel display 
is device according to the invention; 

Figs. 2a and 2b are diagrammatic cross-sections 
of possible embodiments of a part of an illu- 
mination system for the fiat-panel display device 
according to the invention; 
20 Figs. 3a, 3b, 3c and 3d show examples* of 

graphs for an illumination system according to 
Fig. 2a, from which graphs the optimum position 
(I, d) of the radiation source can be determined 
in dependence upon various parameters; and 
25 Figs. 4a, 4b and 4c show diagrammatically 

some embodiments of radiation sources suitable 
for use in an illumination system according to 
the invention. 
The user directly views the display panel of a 
30 flat-panel display device so that this device may 
also be referred to as a direct-vision device. For 
such a device it is desirable that the illumination 
system for illuminating the display panel has a 
small dimension transverse to the panel. This is, ■ 
35 inter alia the case for direct-vision devices with 
peripheral or edge illumination. A waveguide, at 
least one end face of which is illuminated, is 
present under the transmission display panel which 
is being watched by the viewer. The opposite end 
*o face may be provided with a reflector. Radiation 
from the radiation source enters this waveguide 
along one or more end faces of the waveguide and 
leaves the waveguide at the surface, facing the 
display panel. 

4$ Fig. 1 is an exploded perspective elevational 

view of a flat-panel display device 1. The display 
device 1 comprises a support 3 of, for example a 
synthetic material such as polycarbonate and may 
be made by means of, for example injection 

so moulding. For practical reasons such as, for exam- 
ple manufacture and weight of the support, the 
support 3 may have a window 4. The support 3 
comprises, in succession, a waveguide 7 and a 
transmission display panel 11. 

55 The display device 1 provided with peripheral 

illumination further comprises a lighthousing 13 ac- 
co mmodating a radiation snurr p fc5. The radiation 
source 15 may be, for example a cold cathode 
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fluorescent lamp. The support 3, the waveguide 7 
and the lighthousing 13 with the radiation source 
15 jointly constitute the illumination system 5. The 
lighthousing 13 consists of two parts 17, 19, The 
first part 17 is an integral part of the support. It can, 
for examply, directly be formed on the support 3 
by injection moulding. The second part 19 is 
formed as a detachable cover. After removal of the 
cover 19, the radiation source 15 may be replaced 
by removing the lamp 15 from the lighthousing 13 
in a direction perpendicular to its longitudinal direc- 
tion. The detachable cover 19 is situated, for exam- 
ple at the side of the support 3 remote from the 
display panel 11, as is shown in. Fig. 2a. The cover 
19 may also be situated in a different position with 
respect to the display panel. 

The assembly is held together by means of a 
frame 9 which cooperates with the support 3. The 
frame 9 has a window 10 along which the display 
panel 11 is visible and along which the user can 
view the image formed by the display panel. The 
frame 9 may be made of, for example a metallic 
material or an aluminium alloy or a synthetic ma- 
terial. 

The display panel 1 1 is, for example a liquid 
crystal display panel, further referred to as LCD 
panel. Such a panel comprises a layer of liquid 
crystalline material, for example of the nematic 
type, which is enclosed between two transparent 
plates. The display panel may be either an active 
or a passive-drive display panel. Both types of 
direct-drive display panels are described in, for 
example European Patent Application EP-A 0 266 
184. 

A possible embodiment of the waveguide 7 will 
now be described. The waveguide 7 consists of a 
transparent plate which has a pattern of dots (not 
shown) of diffusely reflecting material on the sur- 
face 21 remote from the display panel 11. The 
density and size of the dots increases as the 
distance to the radiation source 15 in the 
waveguide 7 increases. The end face 23 of the 
waveguide 7 opposite the radiation source 15 may 
have a reflecting layer, for example an Ag film. 
Radiation from the radiation source 15 is coupled 
into the transparent plate via the end face 25. The 
radiation propagates in the direction of the end 
face 23 and, after having been scattered on the dot 
pattern, it leaves the transparent plate via the sur- 
face 27 of the waveguide 7 facing the display panel 
1 1 so that the display pane! 1 1 is illuminated. The 
waveguide 7 may be, for example a PMMA plate 
whose surface 28 remote from the display panel 
may have a pattern of diffusely high-reflecting ink 
or paint provided, for example by means of a silk- 
screening technique. Such a plate used as a 
waveguide is known per se, for exam pje from 
United States Patent US-A 4,985,809. 



Since the radiation source 15 emits light into all 
directions, only a given quantity of this light will 
reach the waveguide 7 if no further measures are 
taken. To increase the brightness of the display 

5 device 1, the inner side of the lighthousing 13 is 
provided with a reflector 29. Figs. 2a and 2b show 
diagrammatically in detail two embodiments of a 
part of the illumination system 5 in a cross-section. 
The direction in which the light leaves the 

io waveguide 7 is denoted by the arrow 20 in Fig. 2a 
and by the arrow 22 in Fig. 2b. In principle, the 
reflector 29 may be a diffuse reflector. However, to 
obtain an optimal brightness, the reflector 29 is 
preferably specular. The reflector 29 may comprise 

75 a high-reflecting layer which is vapour-deposited on 
the inner side of the lighthousing 13, but this meth- 
od is relatively expensive and cumbersome. In the 
display device 1 according to the invention the 
reflector 29 is constituted by a specularly reflecting 

20 foil having a high degree of reflection. A foil vapour 
deposited with silver is, for example eminently suit- 
able as a specularly reflecting foil having a high 
degree of reflection. In Fig. 2a the foil is secured 
on the surface 27 of the waveguide 7 facing the 

25 display panel 1 1 at the waveguide facing the ligh- 
thousing 13. Fig. 2b shows another embodiment of 
the illumination system 5 in which the high-reflect- 
ing foil is secured to the surface 28 remote from 
the display panel. The foil is given a suitable shape 

30 in an analogous manner in the two embodiments 
and wilt be further described. 

When the waveguide 7 is positioned on the 
support 3, the foil 29 extends beyond the ligh- 
thousing 13. When subsequently the lamp 15 is 

35 pushed into the lighthousing 13, the foil 29 partly 
bends into the shape of the lighthousing 13. The 
part of the foil 29 then still projecting from the 
lighthousing 13 is bent further round the radiation 
source 15 by closing the lighthousing 13 by means 

4c of the detachable part 19 of the lighthousing 13. 

The desired shape of the foil, notably a shape 
for which the radius of cur/ature is larger than the 
radius of curvature I/r of the radiation source, may 
be obtained in different manners. A first manner is 

45 to provide the inner side of the detachable cover 
with a rim over the longitudinal direction of the 
lighthousing so that the rim prevents the loose end 
of the foil from moving further into the direction of 
the waveguide when the cover is provided. Thus, 

so the desired shape of the foil can be obtained, 
provided that the position of the rim and the length 
of the foil are relatively accurately adjusted to each 
other. However, it is relatively difficult to comply 
with this condition. 

55 It is much simpler and less expensive to give 

the lighthousing at ieast partly the shape which the 
reflector is to take, as is proposed in the present 
invention. The lighthousing 13 is given a radius R 
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over a given angular region measured clockwise 
(Fig. 2a) from the point of intersection of the per- 
pendicular from the centre of the radiation source 
with the plane 28' aligned with surface 28 of the 
waveguide 7 on . which the foil 29 is secured. The 
radius R is the inner radius of the lighthousing 13, 
i.e. the radius of the lighthousing reduced by the 
thickness of the reflector. However, the thickness of 
the foil (for example, 0.05 mm) may generally be 
ignored. The shape taken by the foil 29 after such 
an assembly then complies with R r = R over a 
given trajectorym, in which R r is the radius of the 
shape of the foil within this trajectory. In the em- 
bodiments shown in Figs. 2a and 2b the trajectory 
extends through an angular region <t> in which <+> = 
270°. The angular region 4> is determined, inter 
alia by the thickness t of the waveguide 7. 

The above-described method of mounting radi- 
ation source 15 and reflector 29 in the lighthousing 
13 further results in a mutually well-defined position 
between radiation source 15, reflector 29 and 
waveguide 7. This position is given by I (lift) and d 
(distance). I is the distance between the radiation 
source 15 and the reflector 29, measured between 
the outer wall of the radiation source and the plane 
aligned with plane 28' which is aligned with the 
surface 28 of the waveguide 7 on which the foil is 
secured along the connection line between the 
centre of the radiation source and said plane per- 
pendicular to this plane, d is the distance mea- 
sured between the end face 25 of the waveguide 7 
facing the radiation source 15 and the outer side of 
the radiation source 15 along the connection line 
between the centre of the radiation source 15 and 
the end face 25 of the waveguide 7 perpendicular 
to the waveguide 7. The position (I, d) determines 
the brightness and homogeneity of the display de- 
vice to a considerable extent. 

When d, the distance between the radiation 
source 15 and the waveguide 7, becomes too 
small, the radiation source 15 will shield the end 
face 25 along which the radiation enters the 
waveguide 7. Consequently, the brightness will de- 
crease. However, if d becomes too large, the ho- 
mogeneity will increase but less radiation will reach 
the end face 25 of the waveguide 7 so that the 
brightness will decrease again. 

When I, the distance between the radiation 
source 15 and the reflector 29, becomes too small 
or too large, the reflector 29 will shield the radiation 
source 15. This is the case, for example in the 
afore-mentioned abstract, where the reflector is 
used to keep the radiation source in position (I ~ 
0). Moreover, at too large I values, a too large part 
of the radiation source 15 will no longer be in front 
of the waveguide 7. Consequently, there will be a 
decrease of direct radiation, and hence a decrease 
of brightness. 



It has been found from the foregoing and from 
computations that a display device having a rela- 
tively high brightness and homogeneity is obtained 
if the distance d between the radiation source 15 
5 and the waveguide 7 and the distance I between 
the radiation source 15 and the reflector 29 in the 
illumination system are defined by the following 
relations: 

jo 0 < i/t £ 18 

0 < d/(R-r) £ 2 

Here, t is the thickness of the waveguide 7, r is the 
radius of the radiation source 1 5 and R is the inner 

is radius cf the lighthousing 13. 

The present invention is based, inter alia on 
the recognition that the brightness and homogene- 
ity of a flat-panel display device are considerably 
influenced by the position of the radiation source 

20 with respect to the reflector (I) and the waveguide 
(d). It is therefore proposed to optimize the dis- 
tances ! and d in such a way that an efficient 
display device having a relatively high brightness 
and homogeneity is obtained. Figs. 3a, 3b, 3c and 

25 3d show some graphs illustrating this optimization. 

In Fig. 3a the ratio of the distance d between 
the radiation source 15 and the waveguide 7 with 
respect to the difference between the inner radius 
R of the - lighthousing 13 and the radius r of the 

30 radiation source 15 is maintained constant As a 
function of i/'t, with t being the thickness of the 
waveguide 7, the brightness, expressed in cd/m 2 
increases to a value l/t = 0.8 and subsequently 
decreases again. The homogeneity increases with 

35 an increasing l/t value. A larger l/t value implies 
either a thinner waveguide or the radiation source 
is further remote from the reflector. 

In Fig. 3b, d/(R-r) is varied for two l/t values. At 
larger l/t values a variation of the d/(R-r) value 

40 hardly influences the homogeneity of the display 
device. At lower l/t values, i.e. when the radiation 
source is closer to the reflector or when there is a 
thicker waveguide, the homogeneity is influenced 
to a greater extent by a variation of the d/(R-r) 

45 value. Both for l/t = 0.4 and for l/t = 0.8, the 
brightness increases to d/(R-r) = 0.9 and subse- 
quently decreases again because the radiation 
source is then too far away from the waveguide or 
is too close to the reflector. 

so Figs. 3a and 3b apply to an illumination system 

with a specular reflector. Figs. 3c and 3d illustrate, 
for the same constant d/(R-r) and l/t values, the 
difference with a lighthousing provided with a dif- 
fuse reflector instead of a specular reflector. The 

55 comparison of Figs. 3a, 3b with Figs. 3c, 3d shows 
that variation of the d/(R-r) and l/t values has sub- 

a stantially the same effect on the variation of bright- 
ness and homogeneity. Moreover, the variation of 
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homogeneity is hardly influenced by the choice of 
a diffuse or a specular reflector. The absolute 
brightness is, however, influenced considerably. As 
is apparent from the comparison of Fig. 3a with 
Fig. 3c and Fig. 3b with Fig. 3d, a diffuse reflector 
produces a considerably lower brightness than a 
specular reflector. 

The graphs show that the homogeneity and 
brightness of the display device can be optimized 
by ensuring that 

0.7 < l/t £ 0.9 

and 

0.9 £ d/(R-r) < 1.1 

apply to the position (!,d) of the radiation source 15 
in the illumination system 5. Here, t is the thick- 
ness of the waveguide 7, r is the radius of the 
radiation source 15 and R is the inner radius of the 
lighthousing 13. This optimization is performed for 
the embodiment of the illumination system shown 
in Fig. 2a. Typical values of the parameters used 
are: t = 2 to 3 mm, 2R = 5.5 mm and 2r = 3 mm. 

At the above-mentioned optimization of the po- 
sition of the radiation source, it makes optically no 
difference whether the second end of the reflector 
foil is secured or not secured to a surface of the 
waveguide. The above-mentioned relations may 
also be complied with in the case of a preformed 
reflector secured to two surfaces of the waveguide. 
However, a drawback then is that the radiation 
source cannot be replaced. 

To ensure that a new radiation source is placed 
in the same predetermined optimum position in the 
lighthousing 13 as the radiation source to be re- 
placed, the radiation source 15 is provided with 
preformed lampholders 31 (Fig. 1) and the ligh- 
thousing 13 is provided with recesses (not shown) 
in the part 17 formed on the support 3. The reces- 
ses may have a simple rectangular cross-section in 
a plane perpendicular to the longitudinal direction 
of the radiation source 15. When the radiation 
source 15 is arranged in the lighthousing 13, the 
radiation source will automatically come in the pre- 
determined optimal position due to cooperation be- 
tween the lampholders and the recesses in the 
lighthousing. 

The lampholders 31 are preferably made of a 
resilient synthetic material and have the same rec- 
tangular cross-section as the recesses. However, 
this cross-section preferably has a slightly smaller 
dimension in the direction perpendicular to the 
plane of the detachable part 19 of the lighthousing 
13 than the cross-section of the recesses and the 
surfaces of t£ie lampholders, parallel to this plane, 
are provided with some thin ribs extending parallel 



to the longitudinal direction of the lamp. When the 
radiation source 15 is placed in the first part 17 of 
the lighthousing 13 and when the detachable cover 
19 is provided, these ribs will be slightly, depressed 

s so that the lampholders are clamped in the reces- 
ses of the lighthousing. A material which, in addi- 
tion, has a vibration-damping effect is preferred. In 
this manner the lamp is shielded from breakage in 
the case of possible shocks. A further advantage of 

70 a vibrationless connection of the radiation source is 
that the optimum position of the radiation source, 
and consequently the optimum brightness and ho- 
mogeneity of the display device, is continuously 
maintained. Very suitable materials for the Jamphol- 

15 ders 31 are, for example silicons. The ends of the 
radiation source 15 are provided with connection 
wires and the lampholders may be, for example 
insulators formed by moulding. The lampholders 31 
then serve at the same time as high-voltage insula- 

20 tions and as tensile contacts for these connection 
wires. Moreover, a sleeve 32 may be formed on 
the lampholders 31 at the side where the connec- 
tion wires extend. In cooperation with recesses 
provided in the support 3, this sleeve 32 will ensure 

25 that the lampholders 31 are even better secured. 

The described embodiment of an illumination 
system for the display device according to the 
invention uses only one, straight fluorescent lamp 
15 at one of the end faces 23 or 25 of the 

30 waveguide 7, as is shown in Fig. 4a. 

A second possibility is shown in Fig. 4b in 
which a single, straight fluorescent lamp 15 is 
arranged at two opposite end faces 23 and 25 or 
24 and 26 of the waveguide 7. In that case two 

35 lighthousings must be formed on the support 3, 
which lighthousings have recesses cooperating with 
the lampholders for positioning the lamps. The 
advantage of this embodiment is an increase of the 
maximally achievable brightness. 

40 A third possibility is the use of a bent famp 16 

which surrounds the waveguide 7 at three or all 
four end faces and in which the lighthousing 13 
extends in the support 3 also over the distance 
covered by the radiation source. These two em- 

45 bodiments are shown in Figs. 4c and 4d. 

The additional advantage which is obtained 
with the embodiment shown in Figs. 4c and 4d is 
an increased efficiency of the display device. In 
fact, electrode losses limit the efficiency of rela- 

50 tively short lamps to a considerable extent. By 
making use of a longer lamp, these losses can be 
reduced and the efficiency can be improved. 

Claims 

55 

1. A flat-panel display device comprising an illu- 
mination system and a transmission display 
panel, the illumination system comprising a 
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support, a plate-shaped waveguide and at least 
one lighthousing accommodating a tubular ra- 
diation source for illuminating at least one. end 
face of the waveguide, and a reflector for re- 
flecting radiation emitted by the radiation 5 
source towards the waveguide, characterized 
in that a first part of the lighthousing is an 
integral part of the support and a second part 
of said lighthousing is a detachable cover 
along which the radiation source can be re- ;o 
moved, and in that the radiation source is 
situated in a position which is free from the 
reflector and at a distance d from the 
waveguide, said position being determined by 
cooperation between at least securing means 75 
arranged on the radiation source and recesses 
provided in the lighthousing. 

2. A flat-panel display device as claimed in Claim 

1, characterized in that the reflector is a foil, 20 
one end of which is secured on a surface of 
the waveguide at a waveguide end facing the 
lighthouse and in that, when the radiation 
source is arranged in the lighthousing and 
when the detachable cover is provided, the foil 25 
is bent into a shape whose radius of curvature 
is smaller than the radius of curvature 1/r of 
the radiation source for at least a part of the 
reflector. 

00 

3. A flat-panel display device as claimed in Claim 
1 or 2, characterized in that the lighthousing 
has a radius R over at least a given trajectory, 
within which trajectory the reflector takes the 
same shape. 35 

4. A flat-panel display device as claimed in Claim 
3, characterized in that the radius r of the 
radiation source, the distance i between the 
radiation source and the reflector and the dis- 40 
tance d between the radiation source and the 
waveguide are defined by the following rela- 
tions: 



6. A flat-panel display device as claimed in any 
one of Claims 1 to 5, characterized in that the 
securing means arranged on the radiation 
source are preformed lampholders made of a 
resilient synthetic material. 

7. A flat-panel display device as claimed in Claim 
6, characterized in that the resilient synthetic 
material has a vibration-damping effect. 

8. A flat-panel display device as claimed in any 
one of the preceding Claims, characterized in 
that the reflector has a high degree of reflec- 
tion and is specularly reflecting. 

9. An illumination system suitable for use in a 
flat-panel display device as claimed in any one 
of the preceding Claims. 

10. A radiation source suitable for use in a flat- 
panel display device as claimed in any one of 
Claims 1 to 8 and for use in an illumination 
system as claimed in Claim 9, characterized in 
that the radiation source is elongate and its 
ends are provided with preformed lampholders 
made of a resilient synthetic material, vfa 
which lampholders the radiation source is pro- 
vided with connection wires. 

11. A radiation source as claimed in Claim 10, 
characterized in that the resilient synthetic ma- 
terial has a vibration-damping effect 

12. A radiation source as claimed in Claim 10 or 
1 1 , characterized in that sleeves are formed on 
the lampholders at a side along which the 
connection wires project. 



0 < l/t $ 18 45 
0 < d/(R-r) S 2 

in which R is the inner radius of the ligh- 
thousing and t is the thickness of the 
waveguide. 50 



A flat-panel display device as claimed in Claim 
4, characterized in that it holds for the position 
(l,d) of the radiation source that: 

0.7 £ l/t ^ 0.9 

0.9 £ d/(R-r) S 1.1. 
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